The nomenclatorial or "nomenspecies" with its latin binomial nomenclature is the current unit of bacterial classification. It is useful in everyday practice, but there are serious arguments that a nomenspecies does not represent a true biological unit in classification. Dissatisfaction with this system has been voiced on several occasions and need not be repeated here. Taxonomists have recently introduced two new concepts: the "genospecies" (Ravin, 1963) and the "taxospecies" (Intern. Conf. Bacteriol. Classification, Quebec, Sept. 1964, unpublished) . The former concept is derived from genetic and molecular biological considerations and bears on the similarity among deoxyribonucleic acids (DNA) of a number of strains. The latter involves the cluster of strains as it emerges after Adansonian analysis. It appears likely that, for each group of closelv related strains, both concepts will wholly or partially cover each other, and that this cluster might come closest to the real biological unit of classification. It also seems likely that a taxospecies or genospecies, or both, might often encompass several nomenspecies. We recently presented evidence in support of this view with the acetic acid bacteria and with Xanthomonas, both by comparative biochemical (De Ley, 1961) and by molecular biological (De Ley and Schell, 1963; De Ley and Friedman, 1964; Friedman and De Ley, 1965) for further investigations along this line. The existence of 60-odd separate species in this genus seems unjustified on phytopathological (Starr, 1959) , physiological (De Ley, 1964; Starr and Stephens, 1964) , and Adansonian (Colwell and Mandel, 1964) grounds; thus, one can deduce that only one or, at most, a few species would exist in this group. This opinion was strengthened by the following molecular biological arguments. De Ley and Van Muylem (1963) and Colwell and Mandel (1964) showed that the base compositions of DNA from several Xanthomonas nomenspecies lie within a narrow range ("melting points," T0, : 96.4 to 97.3 C).
The similarity among DNA molecules of several Xanthomonas nomenspecies was demonstrated by Friedman and De Ley (1965) , who showed that a considerable DNA hybridization can occur. However, the method used (incorporation of heavy isotopes, CsCl density-gradient centrifugation) allowed the detection of only a limited number of hybrids. We therefore repeated these ex-periments with the DNA-agar column method of McCarthy and Bolton (1963) . Using the same strains of Xanthomonas, we found that hybridization was of the order of 80 to 100%.
The general opinion that Xanthomonas is closely related to Pseudomonas was corroborated by the finding that hybridization between strains of the two genera was of the order of 60 to 80%o.
MATERIALS AND METHODS
Organisms. The strains of Xanthomonas used were the same as in previous papers (De Ley and 1306 XANTHOMONAS AND PSEUDOMONAS DNA Van Muylem, 1963; Friedman and De Ley, 1965) . The strains of Pseudomonas were from the Culture Collection of Entomogenous Bacteria (CCEB), Prague, Czechoslovakia, and were kindly donated by 0. Lysenko, Laboratory of Insect Pathology, Prague, Czechoslovakia. These strains were selected because they have been investigated by Adansonian analysis (Lysenko, 1961) . Gluconobacter oxydans (viscosus) NCIB 8131, Acetobacter aceti (liquefaciens) strain 20, and Escherichia coli strain B were from the departmental collection.
Cultivation techniques. All organisms were grown on solid media in Roux flasks. The strains of Xanthomonas were grown at 25 C for 2 to 3 days on a medium containing (w/v): 2% glucose, 2% CaCO3, 1% yeast extract (Nederlandse Gist & Spiritusfabriek, Brugge, Belgium), and 2.5% agar (Difco). The strains of Pseudomonas were grown for 2 to 3 days at 30 C on a medium containing (w/v): 1% Proteose Peptone (Difco), 0.1% yeast extract, 0.5% NaCl, 1% glucose, and 2.5% agar; final pH was 7.2. The acetic acid bacteria were grown for 3 days at 30 C on (w/v): 5% glucose, 3% CaCO3, 1% yeast extract, and 2.5% agar. E. coli was grown for 1 day at 37 C on (w/v) 0.5% peptone (Difco), 0.25% yeast extract, and 2.5% agar.
Cultivation of C'4-labeled X. pelargonii strain P 121. A synthetic medium was used as previously described (Friedman and De Ley, 1965) . The cells were grown in liquid medium in 1-liter Erlenmeyer flasks containing 200 ml of the medium, on a reciprocal shaker at 20 to 22 C. When the cells were just in the log phase, a sterile solution containing 20 juc of uracil-2-C14 per 200 ml of medium was added, and the cells were allowed to grow for another 6 generations. They were harvested and washed several times in 0.01 M phosphate buffer (pH 6).
Preparation of DNA. DNA was prepared as described by Marmur (1961) . The molecular weight of DNA was determined with a Spinco model E ultracentrifuge as previously described (Friedman and De Ley, 1965) , and ranged from 5.2 X 106 to 18 X 106. High molecular weight denatured DNA-agar was prepared as described by Bolton and McCarthy (1962) , with the exception that it was heated at 105 to 107 C in 0.25 X SSC buffer instead of at 100 C, because the "melting point" of Xanthomonas DNA is rather high (1 X SSC buffer contains 0.15 M NaCl and 0.015 M Na3 citrate at pH 7.0). Depending on the strain, the agar contained 100 to 350 ,g of DNA per g of wet agar. C14-DNA of strain P 121 was sheared by passing it through a French pressure cell at 12,000 psi. The molecular weight varied from 3 X 105 to 7 X 105, depending on the preparation. Disintegrations from samples after elution of the column were counted with a Nuclear Chicago sample changer with a D-48 gas-flow detector and a Micromil window, Bell Telephone programmer, scaler, chronoscope, and printing unit. A standard emitting source and blanks were always included as a check on the equipment.
RESULTS AND DISCUSSION
The results are summarized in Table 1 . Similarity of DNA of several Xanthomonas strains. Nine Xanthomonas strains were used, each one having a different species name. X. pelargonii P 121 was selected for hybridization because its per cent guanine plus cytosine is situated nearly in the middle of the group, and because the compositional distribution of its DNA molecules is broad enough to overlap with the DNA of the other Xanthomonas strains. For the same reasons, it had previously been selected for hybridization studies (Friedman and De Ley, 1965) by the method of Schildkraut, Marmur, and Doty (1961) . In the present experiments, its C14-DNA hybridized almost as well with DNA from the other Xanthomonas strains as it did with its own DNA. Hybridization was usually of the order of 90 to 100%, with an average of 92%. This makes it likely that the base sequences in the chromosomes of these nine different organisms are nearly identical. The small amount of difference would account for strain individuality. Taken in conjunction with the evidence set forth in our previous paper (Friedman and De Ley, 1965) and in the introduction, the present results show that these nine organisms form one homogeneous group. Because their DNA molecules are almost completely identical, there seems to be no reason to keep a separate species designation for each of the strains. All nine of them may be considered to belong to one biological unit, one genospecies. For historical reasons, it appears that the species name "campestris" is the oldest validly published one (Pammel, 1895) . We therefore propose to use Kanthomonas campestris for all nine of these Xanthomonas strains. A similar situation has already been encountered in Acetobacter and Gluconobacter where all strains were condensed into the biotypes G. oxydans and A. aceti (De Ley, 1961 ample, X. campestris (carotae) C 104, X. campestris (phaseoli) P 162, etc. In this way, the biological entity or genospecies would be stressed while the individuality of each strain would be retained. As the nine strains used are only an arbitrary selection, it can be expected that an extensive investigation will reveal that other Xanthomonas nomenspecies fall in the same group.
Similarity between Xanthomonas and Pseudomonas DNA. It has been suspected for a long time that the genera Xanthomonas and Pseudomonas were closely related. The basis for this belief is phenotypic; both genera are morphologically indistinguishable, and they share some physiological properties, such as aerobic character and ready growth on similar ordinary culture media. However, phenotypic similarity is not necessarily an indication of close genetic and phylogenetic relatedness. Our results are the first to strengthen the genetic relationship between the two genera. We have shown that a considerable part of Xanthomonas DNA (roughly speaking, about two-thirds) appears to be identical to Pseudomonas DNA. As a control, Escherichia coli was included. Not very much similarity can be expected between Xanthomonas and Escherichia. Indeed, it was found that only about 18% similarity exists. McCarthy and Bolton (1963) reported a negligible similarity between E. coli and P. aeruginosa. The small similarity between Escherichia and Xanthomonas might very well represent the few cistrons which could be identical in those bacteria. Assuming the same molecular weight of DNA of 6 X 109 or 107 base pairs in both genera, and an average molecular weight of 106 for one cistron, one can calculate that both genera would share about 1,300 cistrons of some 7,000.
In connection with our previous work on acetic acid bacteria, a possible relationship with Acetobacter and the polarly flagellated Gluconobacter on November 6, 2017 by guest http://jb.asm.org/ Downloaded from was investigated. The relatedness in both cases was found to be remote (Table 1) .
Comparison of the results on hybrid formation with the DNA-agar method and with the CsCI gradient centrifugation method. The DNA-agar method is more sensitive than the CsCl gradient centrifugation method (Table 1) . With the latter method, 52 % hybridization at most was detected, and, in three of nine cases, hybrid bands were suspected but not seen. With the DNA-agar method, hybridization was nearly complete in every case. The CsCl gradient centrifugation method has several disadvantages which prevent the easy detection of hybrids: hybridization of high molecular weight DNA presumably depends on complete identity over the entire length of the molecule; small differences in base sequence might prevent hybridization in the rest of the molecules; small amounts of hybrids can easily be hidden in the peaks of the renatured DNA of both parents, particularly when the peaks are close together as is the case with strains where it is difficult to obtain a heavy labeling with deuterium and N'5. The DNA-agar method does not suffer from these shortcomings.
